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VM cc,onfrom 170V(asfabricated)to150V (16days).Thevaluewasfurtherdecreasedto110Vthrough
theoptimizationoftheusedsolventsandheatingtreatmentinthedepositionprocessofthepolymerbufer
layer,whichpromotestheelectrontransport･Theseprocessesalsocontributedtoincreaseoftheelectronmo-
bility.As theresultsoftheseelectrontransportimprovements,veryhigh ambipolarcurentdensityupto12.3
kA/Cm2wasdemonstrated･Ithadreachedalevelwherecurent-drivenASEispossible,fromvleWPOintofthe
estimatedthresholdcurentdensity,yetnospectralnarowingwasobserved･
Recombinationzonesize(WRZ)inambipolarOLETsalsodeterminestheexcitondensity value.Variations
ofWRZ inambipolarOLETshadbeenpreviouslyreported,wheretheonglnWereStilindebate･Thejunction
stmchrefbmationin也eambipolarOLETdevicewasthoughttobeoneor血eispossibleorlglnS.We
proposed(inChapter4)ap-i-njunctionmodelforambipolarOLET.Thismodelbasedonthefactthatthe
p-typeandn-typeregionswereresultsof丘eld-inducedchargeaccum ulationandtheexistenceofaccum ulation
thresholdvoltagewouldleaveundopedreg10ninbetweenthem.Wetestedthismodelincomparisonwiththe
pn-Junctionpicture,whichwasconventionalyusedtodescribetheambipolarOLET.Inapn-)unction,the
chargedifusionprocesswoulddeteminetheWRZ.Ontheotherhand,WJtZwouldbegovemedbythecharge
drifttransportattheintrinsicreg10nOfthep-I-nJunction.Wemeasuredthetemperaturedependenceandde-
vicedependenceoftheWRZValues,accumulationthresholdvoltagesandchargeGamiermobilities.Wefound
theWRZValuesinvariousambipolarOSCLETsareproportionaltothesizeoftheundopedarea,govemedby
theresidualthresholdvoltageofbothholeandelectronaccum ulation.TheWRZValuesofBP3TOSCLETs
were6〟m-2FLm,dependingontheirtransportparameters.ThisbeterunderstandingonthedeviceJunc-
tionstructureprovideshintsformultiplyingtheexcitondensity insidethedevice.Ithighlightstheimportance
toreducetheaccumulationthresholdvoltagesthatsimultaneouslyleadtoWRZValuedecrease,curentdensity
increaseandtheirmultiplierefectonexcitondensityincrease.
FolowlngtheefortinincreasetheexcitonproductioninambipolarOSCLETs,thesecondhalfofthedisI
sertationelucidatetheatemptstoreducethelaserETA.Forthispurpose,photopumplasermeasurementswere
performedtofindthebeststructureandcharacterizedtherequiredexcitondensityvalue.Opticalresonators
arecrucialforeverylasersystems.Theirexistenceandqualitycertainlydeterminesthestrengthoflight-mater
interactioninsidethelasermedium･Inchapter7,wepresentedefortstoevaluatetwodiferentkindsofop-
ticalresonatorforambipolarOSCLET,namelythedistributedBraggreflector(DBR)microcavityanddistrib-
utedfeedback(DFB)gratingsIWetookthemeritofthelateralarchitectureoftheambipolarOSCLETsthat
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opticalstructuraladditionmightnotcompromisetheelectronictransportperformance.Also,thevariationsof
theorganicsinglecrystalemissionprovideflexibilityinembeddingoneofthesetworesonatorstructures.Sur-
faceemitingcrystal,i･e･4,4'-bis(diphenylvinylenyl)anthracene(DPVA),issuitableforavertical-cavity sur-
faceemitinglaser(VCSEL)byembeddingDBRmicrocavity.Ontheotherhands,theedgeemitingBP3T
slnglecrystalswouldbeefectivelyembeddedwithDFBgratingresonator.Thesetwodiferentopticalresona-
torswereevaluated.WedemonstratedthefirstWOrkingDBRmicrocavitiesoflaminatedDPVAsinglecrystals
withahighQ-factorupto375,危omwhichastrongcouplingbetweentheexcitonicemissionandthestrongly
polarizedmicrocavitymodeswasobserved.TheapplicationofDFBresonator,onwhichBP3Tsinglecrystals
werelaminated,exhibitedmodeselectionoftheemissionwavelength andeventualyledtophotopumplaser
processwith lowETA.Moreover,initialdemonstrationofembeddedDFBinambipolarOSCLETsshowedthat
theadditionofthisopticalstructuredidnotcompromisetheambipolartransportofthetransistors･Thedevices
exhibitedmodeselectedemission,indicatingthecontributionoftheDFBresonator.Therewerestilnodem-
onstrationofthecurent-drivenlaseryet,butthisshowedthattherobustnessofambipolarOSCLETs･There-
mainedlimitingfactorsonutilizingtheseresonatorsarethecontrolability oftheorganicsinglecrystal
dimensionandtheprecisionoftheresonatordesign.
BP3Tsinglecrystalisopticalyspecial.Ithasacleanperpendicularedgetoitscrystalplane,asmeasured
byscanningelectronmicroscopy.Therefore,theycanform anativeFabry-Perotresonatorcavity(FPC),ifthe
crystalpossessestwoparaleledges.Laseroscilationofphotolum inescencefrom BP3Tsinglecrystalswith
paraleledgeshadbeenreported.However,thelargecrystalsrequiredfortheambipolarOSCLETstoinduce
highphoton伽Xoftheedgeemissionmostlycamewithoutparaleledges.InChapter5,weperformedsys-
tematicphotopumplasermeasurementstoquantify theinfluenceofthenativeFPCtowardsthelaserETAand
werevealedsignificantimpact.Oneremalnlngtechnologicalchalengefororganicslnglecrystalsisthecon-
trolability oftheirsizeandshape.Therefore,anewroutetomergetwodesiredproperties,nativeFPCand
largecrystaldimension,isrequiredtobedeveloped.Weutilizedtheinherentself-waveguidededgeemission
characteristicsofBP3Tsinglecrystal.Wh entwoparalelwaveguidesareplacedincloseproximity,theycan
form anopticaldirectionalcoupler,lnWhichpropagatinglightcan betransferedfromonetoanother.We
constructedorganicslnglecrystaldirectionalcouplerbylaminatingasmalcrystalwithparaleledgesontop
ofalargercrystal,sothesystemcan takebenefitofthenativeFPCofthesmalcrystal.Wefoundthatthis
system canlowerthelaserETAformorethanoneorderofmagnitudesincomparisonwithsinglepleCeOf
BP3Tsinglecrystal.Theunderlyingmechanismwasthoroughlyinvestigatedbymeansofopticalsimulations
andposition-dependentlaserspotexcitation.ItwasclarifledthatthelaserthresholdenergyloweringOriginated
fromtheinterweavingofthelighttransferthroughopticaldirectionalcouplingandtheresonationbythena-
tiveFPCoftheuppersmalcrystal.Theseresultsshowedthatthisorganicslnglecrystaldirectionalcoupler
canbeappliedtotheambipolarOSCLETsarchitecturefortherealizationofthecurent-inducedOSL.
Finaly,weintegratedourresultsofthechargetransportandtheexcitonproductionoptimizationin
ambipolarOSCLETswiththeoutcomeofthelaserETAloweringbyorgamiCslnglecrystaldirectionalcoupler.
InChapter6,wefabricatedambipolarOSCLETswithorganicslnglecrystaldirectionalcouplerofBP3Tas
thetransistorchannel.Theplacementoftheopticaldirectionalcouplerdidnotafectthechargetransportof
thetransistors,sincethedeviceretainedthesuperiorambipolartransport.Theemissionbehaviorofthedevice
indeedclarifiedthattherewaslighttransferedunderopticaldirectionalcouplermechanismkomthebotom
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crystal,whererecombinationoccurs,totheuppercrystalthathasnativeFPC.Moreover,wereportthefirst
observationofcurent-drivenspectralnarowlngWithaclearthresholdbehaviorfrom numbersofthese
ambipolarOSCLETs.TheseresultsindicateapossiblefulfilmentononeoftheASEcriteria･Anewproposal
forametricofexcitondensity isalsodiscussedtoassistthefuturejustificationonthelimitwheretheASE
andlasershouldoccur.
Surmanzlng,thisdissertationcontributestotheunderstandingofthedesignrulesforrealizingcurrent-
drivenOSLbyutilizingambipolarOSCLETsastheultimateplatforms.Thepresentedresultsstressedtheim-
portanceofmaterialselectionforsemiconductorswith coexistinghighfluorescentandhighcariermobility;
understandingonthedeviceJunctionstructureanditsimplicationonstrategiesforexcitonproductionenhance-
ment;andthesignificanceofopticalresonatorinthedevicedesignforloweringtherequiredexcitondensity
forlaser.ThesemilestoneshadbeenachievedbytherobustnessoftheambipolarOSCLETarchitectureand
thesuperioropticalpropertiesoftheorganicsinglecrystals.ByovercomlngtheidentifiedremainlngteClm0-
10glCalchalenges,therealizationofcurent-drivenOSLcanbeexpectedinnotsodistantfuture.
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論文審査の結果の要旨
有機半導体の光励起状態は分子内緩和を起こすことから四準位系で記述され､ レーザー発振に必要な反
転分布を本質的に作りやすいことが知られており､実際､光励起によるレーザー発振は1990年代に実現さ
れている｡しかも､有機半導体の電流励起によるレーザー発振が実現できれば､低電力消費且っ印刷可能
で色彩豊かなレーザーデバイスの開発が期待される｡しかしながら､電流励起有機半導体レーザーは､有
機半導体の低易動度など多くの要因に阻まれ､いまだに実現されていない｡
本研究は､(1)物質の探索､(2)励起子密度の上昇､(3)キャビティー構造の導入の3つを重要なマイ
ルストーンとしてとりあげ､これらを達成するとともに､(4)初めて電流励起で明確なしきい値を有する
線幅の減少を観測し､当該分野に革新的進展をもたらしたものである0
(1)では､高発光効率とキャリヤの高易動度という相反する特性が同時に満たされる有機結晶として､
BP3Tと略称される分子系を発見し､発光の量子効率>10%､易動度 1cm2/vsを初めて発見した｡さら
に､この単結晶を用いた両極性発光 トランジスタを実現した｡
(2)発光強度を増加させるために､励起子密度について検討を行った｡まず､発光 トランジスタにおけ
る再結合発光領域の精査から､励起子密度の上昇にはトランジスタのしきい電圧を減少させる必要が
あることを見出した｡この指針に基づき､10kA/Cm2を超える､有機半導体で最高の電流密度､ひい
ては高励起子密度を実現した｡
(3)では､発光 トランジスタに､レーザー発振機能を付与するために不可欠な､キャビティ構造を初め
て導入した｡非常に初歩的かつ簡便な､2つの単結晶の貼り合わせた構造を考案し､これが方向性結
合器と共振器の二つの役割を果たすことを､実験とシミュレーションによって明らかにした｡
(4)以上の知見をすべて集積し､貼り合わせ単結晶 トランジスタを用いて電流励起発光実験を行ったと
ころ､明確なしきい電流値をもった発光スペクトルの先鋭化を観測することに成功した｡有機結晶の
電流励起において､明確なしきい値を持っスペクトル先鋭化の観測は､今回が初めてである｡
以上の研究成果は､自立して研究活動を行うに必要な高度の研究能力と学識を有することを示している｡
従って､SatriaZulkamaenBisri提出の論文は､博士 (理学)の学位論文として合格と認める｡
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